Objective: Health screenings, physical tests that diagnose disease, are underutilized. Motivational interviewing (MI) may increase health screening rates. This paper systematically reviewed the published articles that examined the efficacy of MI for improving health screening uptake. Methods: Articles published before April 28, 2015 were reviewed from PubMed, PsycINFO, and CINAHL. Study methodology, participant demographics, outcomes and quality were extracted from each article. Results: Of the 1573 abstracts, 13 met inclusion criteria. Of the 13 studies, 6 found MI more efficacious than a control, 2 found MI more efficacious than a weak control yet equivalent to an active control, and 3 found MI was not significantly better than a control. Two single arm studies reported improvements in health screening rates following an MI intervention. Conclusions: MI shows promise for improving health screening uptake. However, given the mixed results, the variability amongst the studies and the limited number of randomized trials, it is difficult to discern the exact impact of MI on health screening uptake. Practice implications: Future research is needed to better understand the impact of MI in this context. Such research would determine whether MI should be integrated into standard clinical practice for improving health screening uptake.
Introduction
Health screenings are clinical tests that can be used to diagnose disease, often before symptoms are present. Health screenings are important in the detection of early stage disease, and thus can aid in the prevention of both disease progression and mortality. A wide range of diseases including, diabetes, hypertension, sexually transmitted infections, and some types of cancers can be detected through the use of health screenings. Despite their importance, health screenings remain underutilized. For example, in the United States, more than one-third (35.5%) of adults aged 50-75 have not received a colorectal cancer screening within the recommended time frame (e.g., a screening colonoscopy every ten years) [1] ; 64% of adults over the age of 18 have never received an HIV test [2] ; and 27.6% of women aged 50-74 have not received a mammogram within a two year timeframe [3] . It is critical to implement interventions to improve the uptake of health screenings across the United States.
Motivational interviewing (MI) may help improve the uptake of health screenings. MI is defined as "a collaborative conversation style for strengthening a person's own motivation and commitment to change." (p. 12) [4] . The intervention is client-centered and helps individuals acknowledge and resolve any ambivalence they might have to change. In the most recent edition of their book, Miller and Rollnick describe that MI involves four processes: (1) engaging the patient in order to form a strong working relationship, (2) focusing the goal or direction of the conversation, (3) evoking the patient's own motivations for change, and (4) planning for change by increasing the patient's commitment to change and then developing an action plan [4] . The four processes are not necessarily linear and MI interventionists often move from one process to another. Unlike unidirectional advice giving, MI practitioners use client-centered communication skills, including asking open ended questions, affirming the client's strengths and previous successes, reflective listening, summarizing, and informing/advising [4] .
MI was originally developed to treat substance use, and extensive research supports its efficacy for treating drug, alcohol, and nicotine use [5] [6] [7] [8] . More recently, MI has been implemented in healthcare settings to help patients reduce risky behaviors and increase healthy behaviors. Previous systematic reviews and metaanalyses have examined MI's efficacy for improving health behaviors. The results of those reviews and meta-analyses found that, although the literature is mixed, MI demonstrates promise in the healthcare arena and, in particular, may help improve behaviors such as diet and exercise, diabetes management, and oral health [6, [9] [10] [11] [12] [13] [14] [15] . In fact, two meta-analyses reported that MI had significant impacts on physical outcomes (e.g., BMI reduction [16] , dental outcomes, HIV viral load [17] ).
To our knowledge, no systematic review has examined the efficacy of MI to improve health screening uptake. Health screenings are a key component of disease prevention and it is imperative to understand whether MI can effectively help individuals complete these important screenings. This article will systematically review the published intervention studies that examined the efficacy of MI for improving physical health screening uptake.
Methods

Search strategy
Articles were reviewed from three electronic databases (PubMed, PsycINFO, and CINAHL) that were published on or before April 28, 2015. The search terms varied based on the available search words in the each electronic database. For PubMed, the search terms were (("Mass Screening"[Mesh]) AND ("Motivation"[Mesh] OR "Motivational Interviewing"[Mesh] OR "Counseling"[Mesh] OR "Intervention Studies"[Mesh])). The search was limited by language (English), methodology (case reports, clinical trial phase I-IV, comparative study, controlled clinical trial, evaluation studies, interview, randomized controlled trial, technical report), and sample (humans). Only articles that had a published abstract available were reviewed. This search yielded 448 abstracts.
For PsycINFO, the search terms were ((exp health screening) AND (exp counseling OR exp motivational interviewing OR exp intervention OR exp motivation)). This search was limited by language (English), methodology (clinical case study, empirical study, experimental replication, follow-up study, longitudinal study, prospective study, retrospective study, field study, interview, focus group, nonclinical case study, qualitative study, quantitative study, treatment outcome/clinical trial) and sample (humans). This search yielded 909 abstracts.
For CINAHL, the search terms were ((MH motivation OR MH motivational interviewing OR MH intervention OR MH counseling) and (MH health screening)). This search was limited by language (English), publication type (academic journal), and subjects (humans). Only articles that had a published abstract were reviewed. This search yielded 216 abstracts.
Selection strategy
In total, 1573 abstracts were identified through the electronic database search. After removing duplicates, two coders independently reviewed 1476 abstracts to consensus on the following inclusion criteria: (1) implemented an MI intervention (e.g., motivational interviewing, motivational enhancement); and (2) included a health screening as an outcome of the study. Although there are screenings for mental health/behavioral health (e.g., depression screenings, substance abuse screenings), this search was limited to physical health screenings (e.g., cancer screenings, HIV test). In total, 27 abstracts met the aforementioned inclusions criteria. Next, those 27 articles were read in entirety by two independent coders to determine whether they met the inclusion criteria. An additional two articles were reviewed in entirety based on the coders' familiarity with the first author's research. These two articles, both published by Manne, were included in the 1476 abstracts reviewed; however, they did not discuss the incorporation of MI the abstract and thus were missed in the first round of reviews. After the 29 articles were read and reviewed, an additional 16 articles were excluded because they did not meet eligibility criteria (e.g., implementation studies). In total, 13 articles were included in the final systematic review. See Fig. 1 for a flow diagram of the reviewed articles, in accordance with the PRISMA guidelines [18, 19] .
Data extraction
A data extraction sheet was used to gather the following information: (1) authors and publication date; (2) participant information (i.e., sample size, race, age, gender); (3) research design (e.g., randomized controlled trial); (4) description of the MI intervention; (5) dose of the MI intervention; (6) description of the comparison group (s); (7) health screening outcome; and (8) major findings and effect sizes.
Each study's quality was evaluated to consensus by two independent coders. A quality assessment, adapted from previous literature [20] [21] [22] , was used to assess the follow criteria: (1) groups were randomized, (2) groups were similar at baseline (or differences were statistically controlled for in the analyses), (3) eligibility criteria was described, (4) identification of withdrawals and dropouts, (5) intention to treat analysis was implemented; (6) fidelity of the intervention was monitored. Each item was scored (0 = no/not reported; 1 = yes) and then all items were summed to create a total quality score (range 0-6).
There was significant variability in the quality and methodologies in the articles, and thus a meta-analysis was not performed. Available effect sizes are reported in the results.
Results
Participant characteristics
The participant demographics from each of the 13 studies are delineated in Table 1 .
Study characteristics
The majority of the studies examined the impact of MI on either cancer screening uptake (N = 8) or HIV testing (N = 3). The remaining two studies examined the effect of MI on attendance of a hepatitis C screening appointment and on receipt of a screening for sexually transmitted infections. Although all of the studies included in the review implemented some form of MI, the type of MI varied. For example, the dose of the interventions ranged from a one-time 6-min phone call to a multi session intervention. Furthermore, there was notable variability in the MI interventions' modes of delivery. Approximately half of the studies implemented the intervention over the telephone, while other studies implemented MI face-to-face or via computer. Two studies did not explicitly report the MI interventions' modes of delivery. Moreover, the majority of the studies (N = 9) delivered MI in combination with another intervention (e.g., print materials, educational presentations).
Study quality
The overall quality of the research studies, as defined by our quality scoring assessment, varied amongst the studies. The summed scores ranged from one to six (M = 4.38, Median = 5). Of the studies, 11 were randomized clinical trials, 8 had similar groups at baseline (or statistically controlled for differences in the analyses), 12 described eligibility criteria, 6 conducted fidelity monitoring, 8 conducted intent-to-treat analyses, and 12 identified withdrawals and dropouts. The total quality scores are reported in Table 2 .
Main effect of MI on health screening uptake
Several studies examined the impact of MI on multiple behaviors, however, only the results relevant to health screening uptake are reported and analyzed in the current paper. Overall, the results regarding the impact of MI on health screening uptake were mixed. Six studies [23] [24] [25] [26] [27] [28] reported that MI significantly improved health screening uptake, when compared to a control group. Furthermore, two single arm studies [29, 30] reported an increase in health screening rates after receiving the MI intervention.
Two studies reported that MI performed significantly better than a minimal comparison group, yet did not provide additional benefit when compared to an active control group. In particular, Taplin and colleagues [31] found that an MI telephone call was more efficacious than a reminder postcard to improve mammography uptake; however, the MI call was no more efficacious than a reminder telephone call. Additionally, Manne and colleagues [32] found that participants who received tailored print materials and an MI counseling telephone call were more likely to receive colorectal cancer screening than participants who received a generic print intervention. The MI intervention, however, did not provide additional benefit to a tailored print material alone.
Finally, three studies (23%) [33] [34] [35] did not find a significant impact of MI on health screening uptake. The results of the studies are reported in Table 2 .
Discussion and conclusion
Discussion
Although the systematic review produced mixed results, overall MI holds promise for improving health screening uptake. Six of the thirteen studies found that an MI intervention was able to significantly improve health screening uptake, compared to a control group. In particular, these studies found MI efficacious for improving mammography, pap smears, HIV testing/counseling, colorectal cancer screenings, and total cutaneous skin examinations. Five of these six studies had quality ratings of five or greater. These studies support the clinical integration of MI to help improve health screening uptake. Of note, one of the six studies [24] found that individuals who received a tailored intervention which incorporated MI were more likely to have a total cutaneous skin examination but not skin self-examination. Although this study yielded positive findings, the overall results remain mixed. In addition, two single arm studies found that participants who received an MI intervention had increases in health screening rates, particularly HIV testing and mammography. Due to the studies' methodologies, there is high potential for bias (quality scores ranged from 1 to 2) and thus the results should be interpreted cautiously. Although these results are promising, in the absence of randomized clinical trials, we are unable to determine the true impact of MI in these studies.
Furthermore, two high quality studies reported that MI was significantly better than a minimal comparison group, yet did not provide additional benefit when compared to an active control group. These studies provide additional support for the efficacy of MI in this context. However, these results also call into question the necessity and cost effectiveness of implementing MI interventions over more parsimonious treatment options.
Finally, three studies reported that MI did not have a statistically significant impact on health screening uptake. The first study, conducted by Menon and colleagues [34] , found that a telephone based MI session did not improve colorectal cancer screening uptake among primary care patients. The odds ratio, however, approached statistical significance (OR = 1.6, 95% C.I. 0.9, 2.9). A second study, conducted by Constanza and colleagues [35] , examined whether a telephone, computer-assisted counseling intervention could improve colorectal cancer screening rates. Within the intervention group, individuals who reported that they were not planning on getting screened for colorectal cancer were offered MI counseling. The results found that the intervention did not significantly impact colorectal cancer screening rates. Of note, of the 582 participants who received the computer-assisted counseling intervention, only 97 reported that they were not planning on getting screened for colorectal cancer and were thus eligible for MI counseling. Of the 97 participants who were offered MI counseling, 25 (25.7%) refused the additional counseling. Therefore, of the 582 participants in the intervention group, only 97 were even offered MI and only 72 accepted the counseling. Within that group of 97, 19 (19.5%) changed their intentions to get screened. Because MI was not offered to all of the participants, it is difficult to discern the exact impact that MI had on colorectal cancer screening in this context. A third study, which received a quality rating of six, conducted by Chacko and colleagues [33] found that an MI intervention did not significantly improve screening for sexually transmitted infections among women attending a reproductive clinic. Interestingly, this study was the only study included in the review that implemented MI to improve young adults'/adolescents' health screening behaviors. Moreover, it was the only study which examined the impact of MI on improving screenings for sexually transmitted infections. Future research is needed to determine whether age and/or outcome moderate the impact of MI intervention on health screening uptake.
Amongst the 13 studies included in systematic review, there was substantial variability in the mode of delivery of MI. Approximately half the studies implemented MI over the telephone, while the other studies conducted the MI in person or via a computer. The mode of delivery of MI did not appear to impact the efficacy of the intervention. These results suggest that more parsimonious and cost-effective methods of delivery (e.g., telephone or computer) may be sufficient to produce behavior change with regard to health screening uptake. There were several factors that limited our ability to draw definitive conclusions regarding the impact of MI on health screening uptake. Most notably, there was substantial variability in the operational definitions of MI. Some studies provided minimal details regarding the MI intervention while other studies published detailed implementation papers that clearly delineated the MI methods employed in the intervention [e.g., 36] . It is important that future research more clearly defines and describes the MI interventions and how they are being implemented within the study. Such details would allow for more accurate comparisons amongst studies and lay the foundation for future replications studies. Additionally, publishing the details of the intervention provides guidelines for practitioners to disseminate the interventions into standard clinical practice.
Moreover, the majority of the studies included in the systematic review implemented MI in conjunction with other active treatments, such as print materials. In the larger literature, MI is frequently used as an adjunct or a prelude to other empirically supported treatments (e.g., cognitive behavioral therapy, education, self-help manuals) [7] . In fact, it has been argued that combining MI with other treatments may enhance the impact of both interventions on behavioral change [7] . Although combination treatments are often efficacious, with regard to the systematic review, it is difficult to determine the exact impact that MI has on improving health screenings. Future dismantling studies are needed to better understand whether MI serves as a driving component of change in the intervention package. Furthermore, the combination of MI with other treatments poses difficulties in the assessment of treatment fidelity [37] .
There are limitations to the systematic review that may have impacted the results. First, there is the potential for publication bias, which could have positively skewed the findings. It is commonly known that null results are often under published [38] . We did not seek the results of unpublished studies, and thus may have missed critical null results. Second, as was perviously discussed, the majority of the studies included in the systematic review implemented MI as an adjunct to a larger treatment. It is possible that studies did not report the MI component of the intervention in the abstract, and thus were missed by our search strategy. In fact, as was previously reported, we were aware of two articles that incorporated MI yet were missed by our search strategy. Third, it is possible that our inclusion criteria were too specific and thus we may have missed relevant articles. In particular, our review search was limited to three databases (PubMed, PsycINFO and CINAHL) and excluded publications that were not in English. Furthermore, only full articles were reviewed and therefore relevant publications (e.g., dissertations, presentations) may have been missed. Future research could conduct a more exhaustive review in order to expand upon the results. Fourth, due to the limited number of articles and the heterogeneity amongst the studies, a formal meta-analysis was not conducted. As this area of research expands, a future study should conduct a meta-analysis to better understand the size of the effect that MI has on improving health screening uptake.
Conclusions
Overall, the results of the systematic review were mixed. Of the 13 studies, 6 found MI more efficacious than a control, 2 found MI more efficacious than a weak control yet equivalent to an active control, and 3 found MI was not significantly better than a control. Two single arm studies reported improvements in health screening rates following an MI intervention. While MI shows promise for improving health screening uptake; it may not be the most parsimonious intervention option. Unfortunately, given the mixed results, the wide variability amongst the studies and the limited number of randomized clinical trials, it is difficult to discern the exact impact that MI has on health screening uptake.
Practical implications
Future, more detailed, research is needed to better understand the impact that MI can have on health screenings in this context. Furthermore, implementation papers are needed in order to better explain how MI is defined and implemented in each study. This future research would provide further support for the integration of MI into standard clinical practice to improve health screening uptake among adults.
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